Abstract The association between international and domestic migration and alcohol use among indigenous communities is poorly understood. We explored migrationrelated factors associated with alcohol use behaviors among an indigenous Mayan, binational population. From January to March 2012, 650 indigenous participants from the high-emigration town of Tunkás in the Mexican state of Yucatán (n = 650) residing in Mexico and California completed surveys. Multivariate logistic regression identified migration-related factors associated with alcohol use behaviors. US migration of shorter duration (\5 years) was independently associated with at-risk drinking (adjusted odds ratio (AOR) 2.34; 95 % confidence interval (CI) 1.09-5.03), as was longer-duration domestic migration (C5 years) (AOR 2.34; 95 % CI 1.12-4.87). Ability to speak Maya (AOR 0.26; 95 % CI 0.13-0.48) was protective against at-risk drinking. Culturally appropriate alcohol use prevention interventions are needed for domestic and international indigenous Mexican migrants to address alcohol use behavior in the context of migration.
Background
Indigenous Mexican communities comprise a culturally and ethnically diverse segment of Latino migration to the United States that has been increasing since the 1990s [1] [2] [3] . Indigenous persons are highly marginalized in both Mexico and in the United States (US) and are often faced with considerable social, cultural, and structural disparities that place them at high vulnerability for poor health outcomes, including mental health problems, chronic diseases, occupational hazards, and barriers to access to care [4] [5] [6] [7] [8] . Although indigenous Mexicans are an at-risk and vulnerable population in both their countries of origin and destination, little is known about their alcohol use behaviors and migration-related risk factors that may shape alcohol use, abuse or dependence in the US or in Mexico [5, 8] . Alcohol abuse (also referred to as 'harmful use') is one of two primary categories of 'alcohol use disorders' that generally indicates recurrent alcohol-related problems (e.g. legal) and maladaptive patterns of drinking and impairment despite knowledge of problems without a physical addiction to alcohol [9] . Alcohol dependence, the more severe category of 'alcohol use disorder,' is characterized by maladaptive drinking patterns coupled with a physical dependence (e.g., withdrawal symptoms), physiological tolerance, and impaired control [9] .
Studies conducted in Mexico suggest that Mexicans with past US migration experience are at higher risk for alcohol dependence than their non-migrant counterparts. [10, 11] . In the US, studies typically find a lower prevalence of alcohol use disorders among foreign-born and recently arrived Mexican (and other Latino) migrants when compared to native-born White and US-born Mexican/ Latino populations [12] [13] [14] [15] [16] [17] . This situation is typically referred to as the Latino Health Paradox-having better health outcomes than the general US native population despite having lower socioeconomic status, education, income, and greater barriers to access to care [18] . US nativity (i.e. being US-born), younger age of arrival to the US, and longer duration of residency in the US are commonly identified risk factors for increased risk of alcohol use disorders [10, 13, [17] [18] [19] [20] .
The role of migration in shaping alcohol use behaviors among indigenous populations who migrate domestically within Mexico and/or internationally to the US has rarely been investigated [5, 8] . In the Southern Mexican state of Yucatán, thriving urban tourism industries in large cities such as Cancún and Playa del Carmen have dramatically increased domestic migration to this region [2, 21] , including migration of indigenous groups from rural communities. Tourist areas are characterized by social environments that may facilitate or promote excessive alcohol consumption, such as increased anonymity, reduced social controls on behavior and increased access to alcohol and disposable income [22, 23] . Within this context, domestic migrants may experience increased risk of alcohol abuse or alcohol dependence. The impact of domestic migration on shaping alcohol use behaviors is poorly understoodresearch focusing on migration and substance use has focused almost exclusively on international migrationwhich warrants further investigation [11, 13, 17, 19, 20] .
The objective of this study is to explore factors associated with migration experiences and alcohol use behaviors among a binational sample of indigenous Mayan migrants from Yucatán. We hypothesize that prior international or domestic migration and longer duration of migration will be associated with at-risk drinking behaviors.
Methods

Data Collection
From January to March 2012, 650 indigenous Mayan participants from the high-emigrating town of Tunkás in the Southern Mexican state of Yucatán completed structured questionnaires. Our research team traveled to Tunkás in late January to coincide with the town's annual fiesta. This annual fiesta marks a 2-week period of town visitation during which domestic and international (e.g., US) migrants return to Tunkás to partake in local festivities and visit family members. Hence, this was an optimal data collection time period to interview visiting migrants residing in the US or other parts of Mexico, returned migrants, as well as local residents (i.e., non-migrants). From February to March, cross-sectional data was collected from Tunkás' satellite communities in Anaheim and Inglewood, California.
Eligible participants were adults aged 18-65 years; born in or had at least one parent/grandparent from Tunkás; and were able to speak Spanish or English and provide informed consent. Potential participants were approached at their place of residence or in a public area (e.g., plazas, community gatherings, car washes, soccer games), and eligible individuals were invited to participate. US-based recruitment relied on a modified ''snowball'' sample of migrants from Tunkás. US-based potential participants were contacted using information provided on a voluntary basis by family members interviewed in Tunkás. This sampling approach has been used by the investigators in prior research to successfully recruit binational migrant samples [1, 2, 24, 25] .
A unique identifier was assigned to each participant to protect confidentiality. Participants completed a 126-item survey using computer-assisted personal interviewing (CAPI) administered by an interviewer from our field research team. Trained bilingual (Spanish/English) and bicultural researchers from the Instituto Nacional de Antropología e Historia (INAH) and the University of California, San Diego (UCSD) administered the survey in a private location of the participant's choosing.
The survey covered socio-demographic characteristics (e.g., age, gender, education, income, marital status), language (e.g., ability to speak English, Spanish, and/or Maya), religiosity (e.g., attended a religious service in the past month), migration history (e.g., ever migrated to the United States to live or work, ever migrated to another city in Mexico to live or work, number of trips, duration of longest trip), mental health (e.g., CESD-20 depression scale), and chronic disease risk factors (e.g., food preferences, exercise, history of high blood pressure, BMI). Substance use questions included the World Health Organization (WHO) Alcohol Use Disorders Identification Test (AUDIT) screening instrument [26, 27] and drug use (e.g., types of drugs used and frequency in last 6 months and lifetime).
Our dependent variable, at-risk alcohol use, was measured by the AUDIT questionnaire. This is a 10-item screening instrument that has demonstrated high reliability and predictive validity of hazardous alcohol use experienced in the past year in numerous studies in the US and Mexico [26] [27] [28] [29] [30] [31] . This scale utilizes standard points to categorize participants into four categories of drinking risk: low risk (0-7), at-risk (8) (9) (10) (11) (12) (13) (14) (15) , high-risk (16) (17) (18) (19) , and severe risk (C20). AUDIT questions refer to general alcohol use behaviors and patterns occurring in the past year. Therefore, it is unlikely that our measure of alcohol risk reflected atypical situations marked with increased alcohol consumption (i.e., celebrations).
Based on AUDIT criteria and criteria for 'alcohol use disorders', at-risk drinkers would generally fall under the 'alcohol abuse' category and high-risk and severe drinkers would fall under the 'alcohol dependence' category. The AUDIT also classifies non-drinkers as 'low risk' drinkers. All individuals in our sample completed the AUDIT questionnaire. Due to our small sample of high-risk and severe risk drinkers, we dichotomized our dependent variable (low risk vs. at-risk); participants who scored 8 or above on the AUDIT were categorized as at-risk drinkers for the purposes of our analysis.
Participants were defined as migrants if they indicated ever having left Tunkás for more than 1 month for the purpose of living or working in the US or another part of Mexico. Participants were then characterized into three mutually exclusive migration categories (no migration; any US migration; and domestic migration only). US and domestic migration trips were dichotomized as 1 versus 2 or more trips. Given that previous studies have found behavioral, health risks, and acculturation differences between migrants living C5 years (i.e. ''long-term'') or\5 years (i.e. ''recent'') in the US [32] , especially in terms of alcohol and substance use [33] [34] [35] [36] [37] [38] , two mutually exclusive categories were created to assess migration duration. This was determined by the longest trip reported and destination country (US trip\5 vs. C5 years; domestic trip\5 vs. C5 years) to assess for recent and long-term migration.
Socio-demographic factors such as age, education, language, gender, marriage, and socioeconomic status (SES) were also considered as covariates. Our SES measure was constructed using educational attainment (dichotomized as Chigh school education vs. not) and number of household appliances, which are strong indicators for SES [39, 40] . Participants reported whether their household had a TV, stereo, refrigerator, washing machine, car, drinking water, electricity, oven, bathroom, cable/satellite, computer, and internet connection. Using subgroup analysis [41] we empirically characterized participants into 3 mutually exclusive SES groups: (1) low-SES; (2) lower-middle SES; and (3) middle-high SES.
Statistical analyses were conducted using SAS (9.3; Cary, NC) and SPSS (17; Chicago, IL). We generated descriptive statistics for sample characteristics, which were stratified by alcohol use (low and at-risk drinking). Variables were tested for association using the Pearson Chi square (binary variables) and Wilcoxon Rank Sum (continuous variables) tests. Univariate logistic regression models were generated to identify factors associated with our dependent variable (at-risk drinking). Statistically significant variables in univariate analyses were considered for inclusion in our final multivariate logistic regression model; all variables in our final model were assessed for collinearity. This study was reviewed and approved by the University of California, San Diego Human Research Protection Program and the State of Yucatán, México's Sistema para el Desarrollo Integral de la Familia (DIF) del Estado de Yucatán (System for the Integrated Development of the Family of the State of Yucatán).
Results
Of 650 participants, 142 were at-risk drinkers (21.9 %) ( Table 1 ). Twenty seven percent of participants (n = 176) reported previously migrating to the US; among them 17 % (n = 110) reported one US migration trip and 10 % reported two or more US migration trips (n = 66).
Among those with domestic migration experience, 28.9 % had only migrated domestically (i.e., never migrated to the US), 29 % (n = 191) reported 1 domestic migration trip and 12 % (n = 78) reported 2 or more domestic migration trips. Post-hoc analysis conducted to determine whether number of migratory trips and alcohol risk (which could be an indicator of circulatory migration and/or repeated exposure to the receiving community environment) was not significant. Compared to low-risk drinkers, at-risk drinkers were more likely to have ever been a migrant (73.2 vs. 51.2 %), have previous US migration experience (44.4 vs. 22.2 %), younger (mean age: 11.8 vs. 13.8), male (93 vs. 35 %), speak English (47.9 vs. 24.8 %), and report any formal education in the US (16.2 vs. 7.1 %). Further, migrants who reported that their longest migration trip was to the US were more likely to be atrisk drinkers compared to low-risk drinkers, regardless if their trip was \5 or C5 years; the same was true for those who reported that their longest migration trip was to a domestic destination. Married participants and those who reported the ability to speak Maya were more likely to be low-risk drinkers than at-risk drinkers.
Factors Associated with At-risk Drinking
In univariate analyses (Table 2) , at-risk drinkers were more than twice as likely (odds ratio (OR) 2.61; 95 % Confidence Interval (CI) 1.73-3.93) to have ever been a migrant, more than three times more likely to have any US migration experience (OR 3.63; 95 % CI 2.30-5.76), and almost twice more likely to have only domestic migration experience (OR 1.82; 95 % CI 1.12-2.96) than low-risk drinkers. Migrants who reported that their longest migration trip was to the US were more likely to be at-risk drinkers compared to low-risk drinkers, regardless if their trip was \5 or C5 years; the same was true for those who reported that their longest migration trip was to a domestic destination. Currently residing in the US, being male, ability to speak English, and having ever received formal education in the US were associated with at-risk drinking. The ability to speak Maya and being married were protective against at-risk drinking.
In our adjusted multivariate model (Table 3) , at-risk drinking was independently associated with having a longest US migration trip of less than 5 years (adjusted odds ratio (AOR) 2.34; 95 % CI 1.09-5.03), having a longest domestic migration trip of more than 5 years (AOR 2.34; 95 % CI 1.12-4.87), and being male (AOR 28.99; 95 % CI 13.91-60.39). Speaking Maya was inversely associated with at-risk drinking (AOR 0.26, 95 % CI 0.13-0.48). According to the pseudo r-square (0.32), our final model explains 32 % of the variability for increased vulnerability to at-risk drinking. origin who migrate within Mexico and to the US. Our findings provide a valuable contribution to the limited evidence base regarding the health impacts of migration on indigenous communities [1-3, 5, 6, 8] . This study suggests the importance of domestic migration in shaping alcohol use behaviors among indigenous populations. Previous studies of Mexican migration and substance use focus almost exclusively on US migration [10-12, 16, 19, 42] . This is the first study, to our knowledge, to investigate the impact of domestic migration within Mexico on alcohol use within an indigenous community. This is especially salient given that indigenous migrants are highly vulnerable to poor health outcomes and are a poorly represented population within the Mexico-US migration and substance use literature. Consistent with previous research, our findings suggest an association between at-risk drinking and having migrated to the US [11, 19] . Contrary to our hypothesis, we did not find an effect between longer time in the US and hazardous drinking behaviors. However, this may have been due to our small sample of migrants with prolonged experiences (e.g., more than 5 years) in the US. Nonetheless, participants in our study with US migration experience were more susceptible to at-risk drinking behaviors during the initial 5 years spent in the US. This may suggest that the initial years of migration to the US may be particularly difficult in terms of adapting to a foreign environment and as a result may increase susceptibility to harmful drinking behaviors [38] . The disruption hypothesis provides theoretical justification for these findings, indicating that initial experiences and exposures upon arrival in a new setting are associated with stressful and disruptive effects which can lead to short-term adverse health impacts [43] .
Discussion
This study yields new information regarding the alcoholrelated vulnerabilities of indigenous migrants of Mexican
Putting our findings in context, the environment of the destinations where domestic migrants travel (especially for work) may play an important role in shaping alcohol use. The primary domestic migration destinations of our study population were to large urban tourism cities on the eastern shore of the Yucatán peninsula (e.g., Cancún, Playa del Carmen, etc.). These cities have a long history as international tourist destinations, attracting particularly large proportions of US tourists. The flourishing tourism industry in this region has been a significant pull factor that has increased domestic migration, especially among southern indigenous communities [2, 21] . This type of migration to large tourist centers poses unique risks when compared with broader rural-to-urban migration patterns. For example, high tourism areas are often associated with behaviors that may increase health risks (e.g., substance use, commercial sex), and foment significant increases in access to and availability of alcohol and drugs [22, 23] . Prolonged exposure to an environment conducive to hazardous alcohol use likely plays a role in influencing alcohol use behaviors. Though this topic has not been previously investigated in the context of domestic indigenous migration, our finding that increased time spent on a domestic trip parallels past findings that have focused on US migration, which indicate that prolonged time spent away from one's community of origin is associated with increased risk for alcohol and substance use disorders [12, 16, 42] . The topic of domestic migration in the eastern Yucatán peninsula as it relates to alcohol and substance use warrants greater research attention. Participants who spoke Maya were considerably less likely to engage in hazardous drinking. Past studies have suggested that retaining traditional Mexican indigenous culture following migration to the US is associated with decreased adverse health-related behaviors, and may serve as a protective factor for poor health outcomes [44, 45] . Hence, retention of the Maya language in our sample population may be a marker for maintenance of traditional roles and identities specific to Mayan culture, which may ultimately serve as a protective factor against hazardous alcohol use [45] . Important to note, however, is that other studies have shown that integration of indigenous persons into mainstream society in Mexico and other parts of Latin America has been linked to poor health outcomes, including increased consumption of alcohol and adverse social consequences, as a result of the adoption of healthdamaging behaviors [46] .
Previous studies with Mexican migrants in the US have found an association between one's ability to speak English (typically used as a proxy for acculturation) with alcohol and drug use patterns [47] [48] [49] . Though ability to speak English was positively associated with at-risk drinking in univariate analyses, this relationship was not significant after adjusting for other factors. This may be explained by the high levels out-emigration to tourist destinations among our sample. Tourist destinations in Southern Mexico (e.g., Cancún) cater to English-speaking populations, and one's ability to speak English is often essential to find work; indeed, previous studies have found that most Mexicans working in the tourism sector speak English [50] . In our study, ability to speak English was not mutually exclusive with US migration.
The majority of participants who reported at-risk drinking were males, thus explaining the strong association we found between male gender and at-risk drinking. Consequently, our findings may not be generalizable to migrant or indigenous women. A larger sample of women who report risky consumption of alcohol would have allowed for improved exploration of the impact of migration, especially as drinking patterns and factors associated with hazardous drinking behaviors may differ between Mexican migrant males and females [51, 52] . Alcohol use among migrant Mexican males has been well documented [33, 35, 45, 52] , especially in the context of Mexico-US migration, since Mexican migration has been historically male dominated [53] . The impact of migration on alcohol use behaviors among migrant Mexican and indigenous women remains an important area of research inquiry as mobility among women increases. Future studies focused on substance use patterns among female migrants merits future exploration to better understand the impact of migration on this population.
Despite our best efforts to develop rapport and longterm relationships with Tunkaseños residing in the US, our US-based sample was limited in size and length of time spent in the US. Therefore our study may be biased towards recent US migrants. Challenges to recruiting a broader population of US residents may include factors that make it more difficult to reach and recruit this population including fear of deportation or job-related pressures (i.e. inability to take time off from work to participate in the study). Our limited sample of US-residing migrants (n = 82) may also explain why we did not observe an association between longer-term residence in the US (e.g., C5 years) and at-risk drinking.
Lastly, causality between migration and drinking cannot be inferred due to our cross-sectional design and the fact that our survey did not assess for pre-migration alcohol use behaviors. Future studies should use a longitudinal design to allow for improved measures of pre-and post-migration alcohol use over time and how this relates to features of migration destinations and contexts. Our reliance on the AUDIT scale was limited in this extent, given that it only provides assessments of alcohol use behaviors in the past year. However, the AUDIT scale is one of the best available measures for alcohol use, with strong demonstrated reliability in detecting hazardous alcohol use in diverse populations, including Latino migrants and Mexicans [26] [27] [28] [29] [30] [31] . Though our data collection occurred at a time period that may be characterized by increased alcohol use (i.e., the town's 'fiesta'), we are confident that the AUDIT scale was an adequate measure of past-year hazardous alcohol use.
Although migration to the US has decreased in recent years [54] , the US and Mexico share a substantial binational population that is linked through personal travel, family and social networks. Understanding migration and its impact on health in a binational context is imperative, especially among indigenous populations, about whom far less is known. This study offers an important binational perspective to improve our understanding of the health of risky alcohol use among a population of domestic and international indigenous migrants, a perspective that to date has been missing from the literature. Our findings suggest the need for culturally tailored alcohol abuse prevention interventions to reduce health disparities among indigenous migrants in Mexico and the US. Findings from this study also have the potential to inform policies and public health decisions pertaining to migrants on both sides of the border, and suggest the need to develop evidencebased binational and regional policies and collaborations aimed at reducing risky alcohol consumption and related adverse health and social outcomes.
